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Abstract
Pryne, Daniel Erik. M.S. The University of Memphis. August 2012.
Stratigraphic and Structural History of Shallow Mississippi Embayment Sediments in
Southeastern Missouri. Major Professor: Dr. Van Arsdale
The New Madrid seismic zone had at least three M > 7 earthquakes during the
winter of 1811-1812, but its faults are poorly mapped. This project interprets 517, 300foot-deep, well logs in southeastern Missouri and identifies extensions of the Reelfoot
and New Madrid North fault zones.
The Lilbourn uplift, a western extension of the Reelfoot fault, is a subsurface high
with 100 feet of relief on Pleistocene river gravels that continues 9 miles west from New
Madrid, Missouri. The 19 mile long Charleston uplift, which passes from near
Farrenburg, Missouri, to Cairo, Illinois, is a N46°E trending subsurface Flour Island
Formation clay ridge with 120 feet of relief. This uplift is interpreted to be a positive
flower structure that may have Quaternary displacement. The Charleston uplift appears
to be a northeastern extension of the New Madrid North fault that may locally correspond
with the Western Reelfoot Rift Margin fault zone.
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Introduction
The New Madrid seismic zone (NMSZ), located in the northern Mississippi
Embayment (ME) is responsible for at least three large earthquakes during the winter of
1811-1812 (Johnston & Schweig, 1996) (Figure. 1). This fault system ruptured along the
northern portion of the Axial fault on 16 December 1811, along the New Madrid North
fault on 23 January 1812, and along the Reelfoot fault on 7 February 1812 (Figures. 1 &
2). The 7 February 1812 event on the Reelfoot reverse fault caused the Tiptonville
Dome in the hanging wall to rise thereby damming Reel Foot River to form Reelfoot
Lake on the downthrown side (Purser & Van Arsdale, 1998; Russ, 1982; Stahle, Van
Arsdale, & Cleveland, 1992). The location of the New Madrid North fault (NMNF) is
not well known; however, it was likely responsible for the 23 January 1812 event
(Johnston & Schweig, 1996). These three earthquakes caused extensive damage and
change to the landscape at a time of low population. A similar series of earthquakes
today could possibly result in significant loss to life, agriculture, and infrastructure.
Intraplate fault systems remain enigmatic in that the seismic activity occurs
inboard of active plate boundaries and the driving mechanism of faulting and the location
of the faults are often difficult to discern. A complicating factor in the intraplate NMSZ
is that the ME consists of unconsolidated sediments and active fluvial systems that do not
preserve surface faulting evidence as well as consolidated rock. Earthquake foci have
been used to map faults of the NMSZ at depth (Chiu, Johnston, & Yang, 1992; Csontos
& Van Arsdale, 2008). However, it is difficult to identify active faults at the surface.
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One pressing question is, what is the distribution of active faults in and adjacent to the
NMSZ.

Figure 1. Mississippi Embayment and New Madrid seismic zone earthquakes as circles.
AL-Alabama; AR-Arkansas; IL-Illinois; KY-Kentucky; MS-Mississippi; TN-Tennessee.
From Csontos, Van Arsdale, Cox, & Waldron, 2008.
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Figure 2. Elevation of the top of the Precambrian unconformity in the Reelfoot Rift area.
Reelfoot Rift bounded by the Eastern Rift Margin faults (EM), Western Rift Margin fault
(WM), and bisected by the Axial fault (AF). RF-Reelfoot fault; NM-New Madrid,
Missouri. From Csontos et al., 2008.

Geophysical surveys and subsurface mapping using exploration well logs have
identified a number of subsurface structures that coincide with active seismicity (Csontos
et al., 2008; Ervin & McGinnis, 1975; Parrish & Van Arsdale, 2004). These authors,
among others, have identified Precambrian and Paleozoic faults that have been
reactivated during the Phanerozoic within the ME region. The work herein is an
expansion of this knowledge in which I use 300 foot (~100 m) deep electric and lithology
borehole logs provided by the North American Coal Corporation to try and identify
3

shallow faulting in Cenozoic sediments of the northern ME. During the 1970s the
Phillips Coal Company explored the economic feasibility of the ME lignite resources and
through a proprietary agreement has provided copies of these logs to the University of
Memphis’ Ground Water Institute. The logs have been used in this research to map
subsurface geologic units in southeastern Missouri to understand the shallow Cenozoic
stratigraphic and tectonic history of this portion of the ME and NMSZ.

Geologic Background
Geologic History
The study area includes parts of the counties of New Madrid, Scott, Stoddard, and
Mississippi County, Missouri, located in the northern portion of the ME (Figure. 3). The
Reelfoot Rift unconformably lies beneath the ME and is the fundamental structure
responsible for the NMSZ (Figure. 2). The rift is filled with up to 7 km of Phanerozoic
strata: most of which consists of the Cambrian Potsdam Megagroup and the CambroOrdovician Knox Megagroup that were deposited during rift subsidence. The Reelfoot
Rift constitutes one of three elements of an Early to Late Cambrian failed intracratonic
rift system (Hickman, 2011) that formed when Rodinia was broken up to form Laurentia
(North America) and Amazonia (South America). To the north it is separated from, or
perhaps linked to, the Rough Creek Graben, which in turn connects with the Rome
Trough. At its southwestern end the Reelfoot Rift is covered by the Ouachita allochthon.
The Reelfoot Rift is bounded by the Eastern and Western Rift Margin faults, and bisected
by the Axial Fault (Csontos et al., 2008; Howe, 1985) (Figure. 2).
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Figure 3. Digital elevation model of the Western and Eastern Lowlands of the
Mississippi River Valley and study area counties. B-Ballard, Kentucky; CA-Cairo,
Illinois; C-Charleston, Missouri; CO-Commerce, Missouri; D-Dyersburg, Tennessee; FFarrenburg, Missouri; H-Hickman, Kentucky; J-Jonesboro, Arkansas; M-Memphis,
Tennessee; N-New Madrid, Missouri; O-Olmsted, Illinois; P-Poplar Bluff, Missouri.
5

The ME is a southwest plunging trough with limb dips and a plunge of less than
one degree that is filled with Late Cretaceous through Quaternary sediments (Cox & Van
Arsdale, 2002). The ME was created by the westward migration of the North American
Plate over the Bermuda Hotspot, which resulted in an uplifted arch during mid
Cretaceous that was subsequently eroded, thereby stripping much of the Paleozoic strata
from the arch. Continued westward migration of the North American Plate off the
hotspot induced thermal cooling, subsidence of the denuded arch to below sea level, and
formation of the ME trough. The Gulf of Mexico subsequently flooded the trough
depositing Late Cretaceous and Paleogene sediments.
The stratigraphy of the ME thickens and dips southwestward down plunge. The
base of the northeastern ME Paleogene stratigraphic section consists of the Paleocene
Midway Group wherein the Porters Creek Clay represents the maximum marine flooding
surface (Figure. 4). Paleogeographic studies by Stearns (1957) show that the Porters
Creek Clay once extended beyond the current ME perimeter. The Paleocene Wilcox
Group overlies the Midway Group, which in turn is overlain by the Eocene Claiborne
Group. Fossils are needed to differentiate the Wilcox from Claiborne in the northern ME
where they are commonly grouped into a single unit (Nelson, 2008).

6

Figure 4. Stratigraphic column of the northern Mississippi Embayment (Modified from
Crone, 1981).
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The Paleocene-Eocene Wilcox and Claiborne Groups both represent sequences of
marine transgressions and regressions. A regressive sea level during the Late PaleoceneEarly Eocene produced deposition of the Fort Pillow and Flour Island formations
(Stearns, 1957) (Figure. 4). The Flour Island is predominantly clay with abundant lignite
indicative of a fluvial environment. The Claiborne Group disconformably overlies the
Wilcox Group and represents a near shore fluvial environment. In ascending order, the
Claiborne Group is composed of the Memphis Sand, a quartz arenite representing a
fluvial environment (Lumsden, Hundt, & Larsen, 2009), the Cook Mountain, and
Cockfield clay formations. The Cook Mountain and Cockfield formations contain
abundant lignite and thus represent either lake or fluvial environments (Martin, 2008).
The Oligocene Jackson Formation (Figure. 4) overlies the Claiborne Group but is
locally missing or included in the Claiborne Group in the northern most ME. The
Jackson Formation of this study area is missing to poorly represented, as shown in
adjacent Kentucky and Illinois geologic quadrangle maps (Nelson, 2008; Olive, 1971),
and may be missing due to post-Eocene uplift of the northern ME (Stearns, 1957; Van
Arsdale & Tenbrink, 2000).
The Pliocene Upland Complex, which unconformably overlies the Paleocene and
Eocene strata, was deposited by the ancestral Mississippi and Ohio rivers (Van Arsdale,
Bresnahan, McCallister, & Waldron, 2007) and remains as high terrace remnants along
the margins of the lower Mississippi River Valley. The Eastern and Western Lowlands
(Figure. 3) contain Pleistocene valley trains that were created by the ancestral Mississippi
and Ohio rivers (Blum, Guccione, Wysocki, Robnett, & Ruttledge, 2000; Rittenour,
Blum, & Goble, 2007; Saucier, 1994). Between 77 and 25 ka, the Mississippi and Ohio
8

Rivers occupied the Western and Eastern lowlands, respectively (Figure. 5A), and
converged south of Helena, Arkansas. At 21 ka the ancestral Mississippi River occupied
the Eastern Lowlands after breaching Crowley’s Ridge thereby forming the Bell CityOran Gap (Figure. 5B). Between 21 and 18 ka, the ancestral Mississippi and Ohio rivers
deposited the Sikeston Braid belt in the Eastern Lowlands (Figure. 5B). Increased melt
water from the Laurentide ice sheet caused incision of the Sikeston braid belt level and
separation of the Mississippi and Ohio rivers by Sikeston Ridge (Figure. 5C). Sikeston
Ridge remained as an erosional remnant as the ancestral Mississippi River deposited the
Kennett and Morehouse braid belts to the west while the ancestral Ohio River deposited
the Blodgett and Charleston braid belts to the east of Sikeston Ridge (Figure. 5D). Porter
and Guccione (1994) interpreted the Charleston Fan (Charleston braid belt) as the
resultant landform from the breach of Thebes Gap by the ancestral Mississippi River
(Figure. 6). Rittenour et al. (2007) offer an alternative braid belt hypothesis in which the
observed fan geometry is due to an abrupt dumping of sediments as the river entered the
broad lower Mississippi River valley from the narrow, bedrock-confined upper
Mississippi River valley.
Thebes Gap had fully captured the Mississippi River by 11.3 ka (Figure. 5E).
Radiocarbon dating by Porter and Guccione (1994) show that the Mississippi River had
established a meandering fluvial regime at least 9.0 ka. One of the greatest geomorphic
uncertainties in this area is why the Cache Valley location of the Ohio River was
abandoned for its current location near Cairo, Illinois between 25 ka and 8 ka (Esling,
Hughes, & Graham, 1989). Figure 5F displays the modern geomorphic setting in which
the Mississippi-Ohio river confluence is at Cairo, Illinois.
9

Figure 5. Maps illustrating the evolution of Mississippi and Ohio Rivers from late
Illinoian to Modern. Modified from Rittenour et al. (2007).
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Figure 6. Landforms discussed in text. CA-Cairo, Illinois; C-Charleston, Missouri; COCommerce, Missouri; F-Farrenburg, Missouri; H-Hickman, Kentucky; N-New Madrid,
Missouri; O-Olmsted, Illinois.
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New Madrid Seismicity and Faulting
New Madrid seismicity defines a fault system at depth that is a right-lateral strikeslip system with a compressional left-stepping restraining bend (Chiu et al., 1992;
Gomberg & Ellis, 1994) (Figures. 7 & 8). Csontos and Van Arsdale (2008) show
evidence of two restraining bends, the Reelfoot North and Reelfoot South faults (Fig. 8).
The southwest-dipping Reelfoot North fault is the restraining bend linking the vertical
right-lateral Axial and near vertical New Madrid North faults, while the southwest
dipping Reelfoot South fault is the restraining bend linking the west-dipping eastern
Reelfoot Rift boundary faults and the Axial fault. Csontos and Van Arsdale (2008)
propose that the Reelfoot fault was initially a normal fault that was inverted to reverse
displacement probably during the late Paleozoic Allegheny Orogeny. The surface
expression of the Reelfoot reverse fault is expressed along the eastern margin of the Lake
County Uplift and its Tiptonville dome culmination as the Reelfoot scarp, an east-facing
monocline (Figure. 7). Paleoseismic studies reveal a 500 ± 300 year recurrence interval
over the past 1200 years in the NMSZ for large earthquake sequences such as the 18111812 event (Tuttle, Schweig, Sims, Lafferty, Wolf, & Haynes, 2002).
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Figure 7. Structure of the Lake County Uplift (LCU) and cross section A-A’ of
Tiptonville Dome (TD) from Purser and Van Arsdale (1998). RL-Reelfoot Lake; RSReelfoot Scarp; KY-Kentucky; MO-Missouri; TN-Tennessee; Stratigraphic tops: KCretaceous; Pz-Paleozoic; Pc-Precambrian.
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Figure 8. Faults in and adjacent to the study area (outlined in hatch) (Modified from
Schweig & Marple 1991). New Madrid North, Reelfoot North, Reelfoot South, and
Axial faults (from Csontos & Van Arsdale 2008). Hollow circles are earthquake
epicenters.

The Commerce Geophysical Lineament is a 400 km long, northeast-trending
magnetic and gravity basement anomaly that may be a dike swarm associated with the
creation of the Reelfoot Rift (Langenheim & Hildenbrand, 1997) (Figure. 9). Locally the
Commerce fault zone displays extensive faulting in the Benton Hills (Harrison, Hoffman,
14

Vaughn, Palmer, Wiscombe, McGeehin, Stephenson, Odum, Williams, & Forman, 1999).
The Commerce Geophysical Lineament may share the same earthquake hazard as the
NMSZ. Trenching has revealed Holocene faulting 200-1200 yrs B.P. in the Benton Hills
(Figure. 9). Strike-slip faulting in Cretaceous through Quaternary units is also revealed
in Benton Hills seismic profiles (Stephenson, Odum, Williams, Pratt, Harrison, &
Hoffman, 1999). Post-Cretaceous through Quaternary, most of which is Quaternary,
vertical offsets of 20 m have been documented in seismic reflection profiles along strike
of the Commerce Geophysical Lineament at Idalia Hill (Stephenson et al., 1999) (Figure.
9).
The New Madrid North fault (NMNF) is identified by active seismicity (Figures.
8-11), seismic reflection profiles, and the left-stepping en echelon North and South
Farrenburg Lineaments (Baldwin, Barron, Kelson, Harris, & Cashman, 2002; Baldwin,
Harris, Van Arsdale, Givler, Kelson, Sexton, & Lake, 2005) (Figure. 10). The N30°E and
N25°E striking Farrenburg Lineaments are 3-4 km long and are defined by aerial
photography lineaments, earthquake epicenter alignments, paleodrainage deflections, and
Quaternary sediment thickness changes. These lineaments represent the surface
manifestation of Quaternary deformation along the NMNF. Fault plane solutions show
that the primary sense of movement along the NMNF is dextral strike-slip (Chiu et al.,
1992; Csontos & Van Arsdale, 2008). Seismic profiling by Baldwin et al. (2005) display
Paleozoic and Cretaceous offsets of approximately 50 m and faulted, folded, and warped
Quaternary reflectors that coincide with the Farrenburg Lineaments and thus these
lineaments should be considered to be faults.

15

Figure 9. The Commerce Geophysical Lineament (CGL), Idalia Hill, and Benton Hills
of southeastern Missouri and northeastern Arkansas. From Stephenson et al., 1999.

Shumway (2008) relocated magnitude 2 to 3.7 earthquake epicenters that
occurred between June 1995 to June 2006 along the northern arm of the NMSZ. Within
this data set she identified three northeast-trending seismic lineaments (Figure. 11). A
total of nineteen earthquakes occurred on the three lineaments; seven of which displayed
16

dextral strike-slip motion. Shumway (2008) concluded that the NMNF extends across
southeastern Missouri and possibly into southern Illinois. It has also been suggested by
McBride, Nelson, and Stephenson (2002) that the NMSZ connects with Holocene
faulting in southern Illinois.
The N30°E trending Olmsted fault of southern Illinois (Figure. 10) and its parallel
sub-alluvial faults immediately to the east (Bexfield, McBride, Pugin, Nelson, Larson, &
Sargent, 2005) trend parallel to an anomalously straight reach of the Ohio River.
Bexfield et al. (2005) identified 120 m of Paleozoic offset and 25 m of Cenozoic downto-the-northwest offset on the Olmsted fault in their seismic reflection profiles. On the
southeastern side of the Ohio River Bexfield, McBride, Pugin, Ravat, Biswas, Nelson,
Larson, Sargent, Fillerup, Tingery, Wald, Northcott, South, Okure, and Chandler (2006)
also identified a graben in Paleozoic bedrock filled with Cretaceous sediment. The
northwest-bounding normal fault of this graben inverted to reverse movement during the
Quaternary and is evident in an overlying anticline in Quaternary gravels. During
February to March of 1984 a series of 150 earthquakes with a maximum body wave
magnitude earthquake of 3.6 shook the Olmsted area. The principal focal mechanism of
these earthquakes was right-lateral strike-slip.

17

Figure 10. Faults and lineaments in study area as proposed by Baldwin et al. (2002 and
2005) and Bexfield et al., (2005). Yellow asterisks show locations of 31 October 1895
Charleston and 2 February 2012 earthquake epicenters. Yellow circles are earthquake
epicenters from Center for Earthquake Research and Information catalog (1979-2006).
B-Ballard, Kentucky; CA-Cairo, Illinois; C-Charleston, Missouri; CO-Commerce,
Missouri; F-Farrenburg, Missouri; H-Hickman, Kentucky; N-New Madrid, Missouri; OOlmsted, Illinois.
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Figure 11. Seismicity lineaments (dashed lines) in study area. Red dots are earthquake
epicenters. From Shumway (2007).
The estimated M 6.6 earthquake that struck near the city of Charleston, Missouri
on 31 October 1895 resulted in sand blows (Tuttle, 2001). The exact epicenter for this
earthquake is not known, but by observation of the resultant sand blows and historic
records of ground shaking it probably occurred near Charleston (Hopper & Algermissen,
1980) (Figure. 10). The 21 February 2012, M 3.9 earthquake occurred 7 km southwest of
19

Charleston, Missouri on Shumway’s (2008) northern lineament. The preferred focal
mechanism is down-to-the-northwest reverse with minor right-lateral strike-slip occurring
on a fault plane oriented N40°E dipping southeast 59°. Based on historic seismicity and
documented Holocene fault displacement on both the NMNF and Olmsted faults, it is
reasonable to hypothesize that there is a Quaternary fault that passes from the Farrenburg
Lineaments to the Olmsted fault trending northeast through Mississippi County,
Missouri.

Methods
In this research I have created structure-contour, isopachous, and Eocene and
Quaternary lithology maps of subsurface strata in the northern ME in Mississippi County,
Missouri, portions of New Madrid, Scott, and Stoddard counties, Missouri, and western
most portions of Kentucky, as well as the southern most portion of Illinois. The
coordinate system used in the mapping is the NAD 1983, State Plane, Missouri-East
using the Transverse Mercator projection. Data came from 517 lignite exploration logs
ranging in depth from 100 to 300 feet (~30-100 m) (Figure. 12). The North American
Coal Corporation provided these electric and lithology logs under a proprietary
agreement. All depth and elevation picks were recorded in Excel spreadsheets found in
the Appendix.
The electric log curves are gamma ray (left track), which measures the natural
radioactive decay of minerals, and single point resistivity (right track) (Figure. 13), which
uses a surface electrode and downhole electrode to measure the electrical resistance of
geologic material in the borehole walls. The central tract measures density by applying a
20

radioactive gamma ray source into the borehole and recording the returned gamma ray
values. The lithology logs were created on site by Phillips Coal Company geologists and
contain a description of the lithologies. Electric logs record geologic unit depths more
accurately than lithology logs, but still may be off by +/- 5 feet. The benefit of using
lithology logs in concert with electric logs is that specific lithologies such as gravel and
sand can be differentiated by cross-checking the two sets of logs. Based upon my
experience with these logs, the base of the gravel picked on the lithology logs is
commonly about fifteen feet deeper than the electric logs. This discrepancy is likely due
to a combination of two factors; the rate of sample return and gravel from higher
elevations falling downhole during the drilling process.

21

Figure 12. Location of 300 foot deep lignite exploration well logs analyzed in this
research shown as black dots. CA-Cairo, Illinois; C-Charleston, Missouri; COCommerce, Missouri; F-Farrenburg, Missouri; H-Hickman, Kentucky; N-New Madrid,
Missouri; O-Olmsted, Illinois.
22

Figure 13. Electric well logs showing picks of Quaternary (Q), Eocene Claiborne (E),
and Paleocene Porters Creek Clay (P) as well as lithology values 0-5 and 9. Headers are
not displayed for proprietary reasons.
23

The presence of thick, sandy gravels in the Pleistocene section allows them to be
differentiated from the underlying Tertiary formations (Csontos, 2007; Saucier, 1994).
The Pleistocene alluvium of the ancestral Mississippi and Ohio rivers consists of a 75 to
100 foot thick basal sand and gravel unit. The upper 10 to 20 feet of the basal unit
consists of primarily fine to medium-grained, well-sorted sands with abundant lignite
fragments, which is then overlain by relatively thin (less than 10 foot thick) silts and
sands (Saucier, 1994). The Mississippi River was a meandering fluvial system by 9,050
ka (Porter & Guccione, 1994) and produced sinuous paleochannel geometries and fining
upward facies. This fining upward sequence consists of a basal sandy gravel, channel
sands, and overbank silts and clays.
The Quaternary section locally unconformably overlies either the Eocene or
Paleocene sections. The top and bottom of the Quaternary gravel were picked by the first
and last occurrence of gravels (Figure. 13). Differentiating gravel from sand by solely
using the electric logs can be ambiguous in that both lithologies are made of quartz grains
and have similar elog signatures. The Quaternary section typically has a moderately high
gamma ray response that is similar to Eocene silts; this may be the result of postdepositional weathering of chert (Saucier, 1994). The best method for picking the
Quaternary gravel was to identify the first (top) and last (bottom) occurrences of gravel in
the lithology logs and then identify the nearest curve change in the electric logs. The top
and bottom of the gravel typically is revealed as a decrease in gamma ray and an increase
in resistivity. When either the electric or lithology log did not exist, the well was not
included in the data set.
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The Eocene Claiborne Group consists of unconsolidated sands, silts, and clays
with lignite common. The Paleocene Wilcox Group consists of unconsolidated sands,
silts, and clays and commonly contains lignite and mica flakes (Figure. 4). Within the
Claiborne and Wilcox Groups the sands display the lowest gamma ray and highest
resistivity curve values. The clays display the highest gamma ray and lowest resistivity
curve values while the silts display curve values intermediate to sands and clays. Mica
flakes in Wilcox Group sediments where only identifiable by use of the lithology logs.
The Paleocene Porters Creek Clay is a thick clay unit that locally serves as a
marker bed. This formation subcrops, pinches out, and outcrops at the northern edge of
the study area. It is locally discontinuous and thickens towards the embayment axis and
southward. The Porters Creek Clay has a significant high density and high gamma-ray
value and a low resistivity value (Figure. 13).
Structure Contour Maps
Three structure contour maps were created. The structure contour maps are the:
1) top of the Paleocene Porters Creek Clay, 2) top of the Eocene (bottom of the
Quaternary Mississippi River gravel), and 3) top of the Quaternary Mississippi and Ohio
river gravel.
The elevations of the tops of the Paleocene Porters Creek Clay, top of the Eocene
Claiborne, and the top of the Quaternary river gravel were recorded in Excel spreadsheets
(Appendix), saved as .csv files, and made compatible with the ArcGIS suite. There are a
minimum of two files created for each map: a shapefile containing the data and a raster
data set file containing the contoured surface. The shapefile and raster are displayed
together so that the reader is aware of actual data distribution and data density. The
25

Natural Neighbor algorithm was used to contour the data because the computer generated
maps resulted in maps that reasonably matched my hand drawn maps and the
interpolations are geologically reasonable.
My lignite exploration borehole stratigraphic picks were correlated with published
stratigraphic picks in Cairo, Illinois (Nelson, 2008). Descriptions of test wells (Crone,
1981; Moore & Brown, 1969) and a cross section by Ryling (1960) were also used to
correlate my stratigraphic picks.
Cross Sections
Cross sections were created using the 3D Analyst tool in which I extracted
elevation and distance along the section data to an Excel (2011) spreadsheet. In Excel, I
created a “smooth lined scatter” graph to represent the mapped surface as depth (yvalues) and distance along the section (x-values). After scaling for vertical exaggeration,
the curve was exported as an image to PowerPoint (2011) so that I could draft the cross
section by adding stratigraphic labels, depth and distance axes, and patterns. From
PowerPoint, the images were exported to the GNU Image Manipulation Program (GIMP
2.8) to be saved as high-resolution .tif files.
Lithology Maps
Volumetric lithology maps were created of Eocene and Quaternary sediments in
this study. This method was chosen because the Eocene section contained no laterally
continuous marker beds with which to create structure contour maps. Using the lignite
logs, I assigned numerical values for lithologies in 10-foot thickness intervals (Table 1).
The assigned number represents the dominant lithology of the 10-foot interval. Lithology
logs were used to confirm the presence of gravel, sands, silts, and clays interpreted from
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the electric logs. After all wells and interval elevations were recorded (Table 2)
(Appendix), the spreadsheet was copied and pasted to a new spreadsheet using the
transpose function within Excel (Table 3) (Appendix). The new spreadsheet was saved
as a comma delimited, .csv file with ArcGIS compatible column headings.
Table 1
Assigned Lithology Values.
Value
0

Description

1

Gravel, low gamma-ray and high resistivity values in concert with gravel
designation from lithologic logs
Sand, low gamma-ray and high resistivity values

2

An interval containing equal parts of values 1 and 3

3

Silt, intermediate gamma ray & intermediate-high resistivity value

4

An interval containing equal parts of values 3 and 5

5

Clay, high gamma ray & low resistivity values

9

Porters Creek Clay, high gamma ray & high density values

-9999

Null value assigned to missing or damaged data
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Table 2
Layout of Spreadsheet Prior to Transposing
Longitude
Latitude
GL_feet
Log_ID
Intervals
d320_310
d310_300
d300_290
d290_280
d280_270
d270_260
d260_250
d250_240
d240_230
d230_220
d220_210
d210_200
d200_190
d190_180
d180_170
d170_160
d160_150
d150_140
d140_130
d130_120
d120_110
d110_100
d100_90
d90_80
d80_70
d70_60
d60_50
d50_40
d40_30
d30_20
d20_10
d10_0

-89.1
37.0
313.6
MP-1

-89.1
36.9
310.0
MP-2

-89.2
36.9
309.0
MP-3

-9999 -9999 -9999
5
5
5
3
5
3
3
3
2
1
3
2
1
0
1
0
0
1
0
0
1
0
3
1
0
5
1
0
5
0
0
5
0
0
5
0
4
3
3
5
3
5
2
2
5
1
1
1
1
1
1
1
3
1
1
5
1
1
2
1
1
3
1
1
3
-9999
1
3
-9999
1
3
-9999
1
3
-9999
2
3
-9999
2
3
-9999
1
1
-9999
1
1
-9999
-9999 -9999 -9999
-9999 -9999 -9999

-89.2 -89.2 -89.2 -89.2 -89.2
37.0 36.9 36.9 36.9 37.0
313.1 320.7 309.4 312.6 310.9
MP-4 MP-5 MP-6 MP-7 MP-8
Designated Lithology Values
-9999
5
-9999 -9999 -9999
5
4
5
5
5
3
3
3
1
4
1
3
3
1
3
3
1
1
1
3
1
1
1
1
1
1
1
1
0
1
1
1
1
0
1
0
1
0
0
1
0
1
0
0
1
4
0
0
0
0
5
0
0
0
0
3
0
5
1
1
3
0
1
1
1
3
0
2
1
1
1
2
3
2
1
2
2
3
3
1
1
1
1
3
1
2
1
1
1
1
3
1
1
1
5
2
1
1
2
1
3
2
1
3
1
1
1
1
1
1
1
1
1
1
1
2
1
2
1
1
1
1
1
2
1
3
1
1
3
1
3
1
1
1
1
1
1
1
1
1
1
-9999
1
5
1
-9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999

-89.3 -89.2 -89.3
36.9 37.0
37.0
317.1 312.2 320.9
MP-9 MP-10 MP-11
5
-9999
1
5
1
4
1
3
1
3
0
3
0
1
0
0
0
0
3
0
5
0
5
0
5
0
3
0
2
0
1
0
3
0
5
0
5
2
5
5
5
1
5
1
5
1
5
1
5
3
5
1
5
1
3
1
1
1
-9999
1
-9999 -9999
-9999 -9999

5
3
3
1
1
0
0
0
0
0
0
0
0
0
3
5
1
1
1
1
2
1
1
1
1
1
1
1
1
-9999
-9999
-9999

GL = ground level of well. d=elevation range above sea level. 0-5 and 9 = lithologies.
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Table 3
Transposed Table of Values from Table 2
Longitude Latitude Log_ID GL_feet d320_310 d310_300 d300_290 d290_280 d280_270
-89.1
37.0
MP-1
313.6
-9999
5
3
3
1
-89.1
36.9
MP-2
310.0
-9999
5
5
3
3
-89.2
36.9
MP-3
309.0
-9999
5
3
2
2
-89.2
37.0
MP-4
313.1
-9999
5
3
1
3
-89.2
36.9
MP-5
320.7
5
4
3
3
1
-89.2
36.9
MP-6
309.4
-9999
5
3
3
1
-89.2
36.9
MP-7
312.6
-9999
5
1
1
1
-89.2
37.0
MP-8
310.9
-9999
5
4
3
3
-89.3
36.9
MP-9
317.1
5
1
1
1
1
-89.2
37.0
MP-10 312.2
-9999
5
4
3
3
-89.3
37.0
MP-11 320.9
5
3
3
1
1
-89.2
37.0
MP-12 315.9
5
3
1
1
1
-89.2
37.0
MP-13 318.1
5
5
3
3
1
-89.2
37.0
MP-14 313.7
5
3
3
3
1
-89.3
37.1
MP-15 318.9
5
4
3
2
1
-89.3
37.0
MP-16 321.1
5
3
3
3
2
-89.4
37.0
MP-17 316.1
5
5
3
1
0
-89.3
36.9
MP-18 316.9
5
3
3
1
0
-89.3
37.0
MP-19 322.0
5
5
5
5
1
-89.3
36.9
MP-20 314.9
5
1
1
1
1
-89.4
37.0
MP-21 316.8
5
5
4
3
2
-89.3
36.9
MP-22 312.7
-9999
5
4
3
3
-89.3
36.9
MP-23 316.8
3
1
1
1
1
-89.4
36.9
MP-24 321.1
3
1
1
1
1
-89.4
36.9
MP-25 320.0
1
1
1
0
0
-89.4
36.9
MP-28 325.2
1
1
1
1
1
-89.4
37.0
MP-29 325.2
1
1
1
1
1
-89.5
36.9
MP-30 310.2
5
1
1
1
1
-89.5
36.9
MP-31 315.5
5
1
1
1
1
-89.4
36.9
MP-32 320.1
1
1
1
1
1
-89.5
36.9
MP-33 305.2
-9999
1
1
1
1
-89.4
36.9
MP-34 319.7
1
1
1
1
0
-89.5
36.9
MP-35 310.5
-9999
1
1
1
1
-89.4
36.9
MP-36 315.9
-9999
1
1
1
0
-89.4
36.9
MP-37 318.8
-9999
1
1
1
1
-89.4
36.9
MP-38 310.4
-9999
1
1
1
1

GL-ground level of well; Log_id-Lignite well identification number;
d320_310…,d280_270-Thickness interval heading with lithology values (0-5).
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In ArcMap, a shapefile was created from the .csv file so that the data contained
within the shapefile could be queried and modified. The shapefile was duplicated 32
times, corresponding to the number of 10-foot intervals between the lowest (0 feet) and
highest (320 feet) elevations in the study area (Figure. 14). Each shapefile was then
queried to omit null values and the Porters Creek Clay. Shapefiles were processed using
the following interpretation tools within ArcMap:
Step 1: Interpolation tool using the natural neighbor algorithm
The Surface Interpolation tool creates a continuous surface (raster data set) based
upon predicted values from the input shapefile to estimate unknown values.
Step 2: Raster Calculator!multiply raster values by 100 using Map Algebra tool
The Map Algebra tool multiplies all values of the raster surface by another
surface or a value. The multiple value 100 was used to assure that all values
would contain no decimal places. To fully eliminate decimals from the data, step
3 uses the raster to integer tool.
Step 3: Raster to Integer!Interpolation (Spatial Analyst) tool
The Raster to Integer tool rounds each raster cell value from a decimal to an
integer. This must be done because the raster to polygon tool, used in step 4, can
only compute raster values in integer format.
Step 4: Raster to Polygon!final product exported to ArcScene
The Raster to Polygon tool converts the raster to a polygon. Polygons are more
advantageous than rasters for this portion of the research because individual grids
can be selected and manipulated, making it possible to review a larger data set
and assign specific values to more individual grids.
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*Right clicking on the desired tool and using batch mode allows the tool to operate on
multiple files at once.
A manual symbology with five class boundaries was employed to classify the
polygon files so that cell values were representative of the input shapefile values. I crosschecked the polygon value to input data by viewing both the polygon and shapefile
values simultaneously. This allowed me to confirm that the selected lithology color
ramps (legends from Figures. 14 and 17-23) of the polygon matched the input data of the
shapefile. In the instance that the color ramp did not match input data, I manually
adjusted the class boundary so that the polygon better represented the input data.
These volumetric lithology maps allowed me to interpret discrete 10 foot
sequences of Eocene and Quaternary strata. The 10-foot interval maps were then stacked
vertically and analyzed in a three-dimensional space using ArcScene (e.g., Figure. 14).
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Figure 14. Three-dimensional model of the 10 foot interval lithology maps displayed as a
stack containing 10 intervals from 40 feet (bottom) to 140 feet (top). CA-Cairo, Illinois;
C-Charleston, Missouri; N-New Madrid, Missouri. View is oblique to the northwest.
VE=75.

Results
Porters Creek Clay
Figure 15 illustrates the structure contour map of the top of the Porters Creek
Clay. The Porters Creek Clay distribution within 300 feet of the ground surface is limited
to the northern and western portions of the study area where it sub-crops unconformably
below the Eocene and Quaternary formations. The depth of the borehole logs limits
Porters Creek Clay distribution mapping and I believe that the Porters Creek Clay exists
beneath the entire map area of Figure 15. Borehole logs in Crowley’s Ridge and the
Benton Hills also contain the Porters Creek Clay but are not shown in Figure 15. The
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cross section in Figure 16 shows the Porters Creek Clay is overlain by the Eocene
Claiborne Group and Quaternary alluvium.
Structure contours of the top of the Porters Creek Clay display Eocene fluvial
system paleodrainage in which contour lines form a “V” in the upstream direction to the
west and north. The Porters Creek Clay does not display the “V” pattern where overlain
by the Quaternary alluvial gravel.
The western-most contours have a northeast trend and reveal a southeast slope on
the top of the Porters Creek Clay of 38.7 ft/mile. This northeast trend is similar to both
the Commerce Geophysical Lineament (Figure. 9) and the axis of the ME (Figure. 1).
The observation that the apparent eastern limit of the Porters Creek Clay and the
Commerce Geophysical Lineament share the same trend implies that the structure of the
Porters Creek Clay surface at this location may be tectonically controlled. Alternatively,
the southeasterly slope of the Porters Creek Clay at this location may reflect the southeast
limb dip of the ME. The apparent truncation of the Porters Creek Clay along its eastern
boundary near 60,000 ft in Figure 16 is just where the formation passes below the bottom
of the lignite wells.
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Figure 15. Structure contour map of the top of the Porters Creek Clay. Contour Interval
= 30 feet. Red dots represent wells containing Porters Creek Clay and black dots
represent wells with no Porters Creek Clay. Cross section line A-A’ is Figure 16. CCharleston, Missouri; CO-Commerce, Missouri; F-Farrenburg, Missouri; H-Hickman,
Kentucky; N-New Madrid, Missouri.
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Figure 16. Cross section line A-A’ located in Figure 15. VE=40. Asl-above sea level;
Qs-Quaternary alluvial sand; Qg-Quaternary alluvial gravel; Tc-Tertiary Claiborne
Group; Tp-Tertiary Porters Creek Clay. Wells are shown as vertical lines. Wells
projected into cross section are indicated by dashed vertical lines; ST-Stoddard County
followed by well identification number.

Eocene and Quaternary Lithology Maps
The lithology maps display Eocene and Quaternary strata in 10-foot thickness
intervals and provide an opportunity to view the Eocene and Quaternary sediments in
discrete intervals so that sediment packages and trends may be identified. When these
maps are stacked on top of one another in ArcScene they display a volumetric
representation of the shallow subsurface of southeastern Missouri from an elevation of 0
to 320 feet above sea level (e.g., Figure. 14). Below I describe the lithologies between
the elevations of 40 and 290 feet. The Eocene everywhere within the map area is
overlain by Quaternary gravel and thus the first appearance of gravel (lowest elevation) at
any location marks the base of the Quaternary section.
Figure 17 are lithology maps of Eocene sands, silts, and clays (40 to 80 feet) with
minor Quaternary gravel (70 to 80 feet). Elevations from 40 feet to 70 feet show a
sinuous, 40 mile long by 5 mile wide sand and silt trend along the western edge of the
maps. This continuous feature, interpreted to be a paleochannel, contains silt-lined
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elliptical sand bodies whose long axes range in size from 0.5 mile to 5 miles. The long
axes of the elliptical sand bodies are parallel to the 40 mile long paleochannel in which
they are contained. The greatest amount of sand in the Eocene is between 20 to 80 feet in
elevation within Mississippi County.
Starting at an elevation of 60 feet, a N46°E trending clay “ridge” continues up
section to an elevation of 210 feet (Figures. 17-21). According to the lithology logs, this
clay ridge is composed of gray to brown, micaceous clay with thin (3-5 foot) interbeds of
green, fine-grained sand. Based upon the presence of “mica flakes” described in the
lithology logs I believe that the stratum contained within this clay “ridge” is the Flour
Island Formation of the Wilcox Group (Figure. 4).
A N40°W striking, 10 mile long, Eocene clay body is present along the
southeastern margin of Sikeston Ridge at an elevation of 80 to 90 feet (Figure. 18).
Moving upward in section this clay body shortens to 5 miles long at 90 to 100 feet
elevation and is completely missing at elevations of 120 to 130 feet (Figure. 19) where it
is overlain by Quaternary gravel and sands. I interpret this as a paleolandform that was
partially eroded and subsequently covered by a Pleistocene paleochannel.
The Quaternary alluvial gravel is lithologically similar but different in age on
either side of Sikeston Ridge (Rittenour et al., 2007). For this reason Quaternary
alluvium lithology mapping was done only east of the ridge. The lowest elevation of
Quaternary lithologies east of Sikeston Ridge are gravels at 70 to 80 feet elevation
located in 1.5 mile diameter circular bodies at the southern most edge of the map (Figure.
17).
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Figure 17. Lithology maps of the Eocene and Quaternary lithologies in 10-foot thick
layers between 40 and 80 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois;
N-New Madrid, Missouri; SR-Sikeston Ridge.
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Figure 18. Maps of Eocene and Quaternary lithologies in 10-foot thick layers between
80 and 110 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New Madrid,
Missouri; SR-Sikeston Ridge.
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Figure 19. Maps of Eocene and Quaternary lithologies in 10-foot thick layers between
110 and 140 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New
Madrid, Missouri; SR-Sikeston Ridge.
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Figure 20. Maps of Eocene and Quaternary lithologies in 10-foot thick layers between
140 and 170 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New
Madrid, Missouri; SR-Sikeston Ridge.
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Figure 21. Maps of Eocene and Quaternary lithologies in 10-foot thick layers between
180 and 220 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New
Madrid, Missouri; SR-Sikeston Ridge.
41

There are four major linear trends of Quaternary gravel and sand interpreted to be
paleochannels that become progressively wider upsection from 90 to 140 feet elevation
(Figures. 18-20). The largest of the four has a S20°E trend along the east side of
Sikeston Ridge, with a maximum gravel and sand width of 7 and 2.5 miles, respectively,
at 130 to 140 feet elevation (Figure. 19). This S20°E paleochannel extends beyond the
northern and southern limits of the study area. The other three gravel and sand
paleochannels trend S50°W and converge with the main S20°E paleochannel. Two of
the S50°W trending paleochannels are found on either side of the Wilcox clay “ridge”
previously described (Figures. 17 & 18). The third appears to represent a meander belt of
the main south trending paleochannel. From elevations of 140 to 170 feet (Figure. 20)
the main south trending paleochannel displays a large, convex eastward bend at the New
Madrid County-Mississippi River intersection. This bend appears to combine the major
south trending paleochannel with the southern most tributary paleochannel of Figure 19,
favoring a meander belt interpretation.
Figure 21 shows the trend of the paleochannels as predominately north-south,
locally dissecting the Wilcox clay “ridge” near Charleston at an elevation of 180 to 190
feet. From the elevations of 190 to 220 feet the gravel lithologies have no obvious
paleochannel trends. The highest elevation of the Wilcox clay “ridge” is 210 feet where
it is covered by the “blanket” of Quaternary gravels and sands above 210 feet (Figure.
21).
Figure 22 shows that the Quaternary alluvium lithology changes from mostly
gravel at 220 to 230 feet elevation to mostly sand and silts at 250 to 260 feet elevation.
Figure 23 displays an increase in clay content upsection and southeastward from
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elevations 260 to 290 feet. The sands, silts, and clays of elevations 250 to 290 feet
comprise the Holocene meander belt of the Mississippi River.
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Figure 22. Maps of Quaternary lithologies in 10-foot thick intervals from 220 to 260 feet
of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New Madrid, Missouri; SRSikeston Ridge.
44

Figure 23. Lithology maps of Quaternary alluvium in 10-foot thick intervals from 260 to
290 feet of elevation. C-Charleston, Missouri; CA-Cairo, Illinois; N-New Madrid,
Missouri; SR-Sikeston Ridge.
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Quaternary Structure Contour Maps
The top of the Eocene Claiborne (bottom of the Quaternary river gravel) east of
Sikeston Ridge has a relief of 178 feet that reveals major paleochannel courses as lows
(Figure. 24) coincident with gravel trends (Figures. 18-20). Additionally a 19 mile,
N46°E striking subsurface high extends from north of Farrenburg, Missouri through
Charleston, Missouri to Cairo, Illinois and is coincident with the N46°E striking Wilcox
clay “ridge” of Figures 17 to 21. This 4.3 mile wide high has a peak height of 240 feet
above sea level southwest of Charleston. Lithology well log MP-81, located at the peak
of this elongate high, describes “rock” at 21 feet of elevation (drilling depth of 276 feet).
The significance of this description is that it is the only well that identifies rock at its base
within and surrounding the high. Figure 25 shows this high to be 4.3 miles wide and 120
feet tall. To the north of this high is a 3 to 5 mile wide, 15 mile long low of similar
orientation. This low has an average elevation of 100 feet, is coincident with a
Quaternary paleochannel trend (Figures. 18-20) and turns south at the eastern side of
Sikeston Ridge. Along the eastern side of Sikeston Ridge is a 30 mile long, S20°E
trending low, that extends beyond the southern map edge that is interpreted to be a
continuation of the paleochannel. This 3 to 5 mile wide paleochannel contains the lowest
elevations (90 to 130 feet) of Quaternary river gravel east of Sikeston Ridge (Figures. 1820). The northern portion of this low aligns with the bedrock ridge separating the modern
Ohio River and Cache Valley Pleistocene course of the Ohio River. Shallow contours on
the top of the Eocene in southeastern Mississippi County lie directly below the Holocene
meander belt of the Mississippi River (Figure. 24) suggesting that the Pleistocene Ohio
River did not flow through this area.
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Figure 24. Structure contour map of the top of the Eocene (bottom of Quaternary river
gravel) east and west of Sikeston Ridge. Contour interval = 20 feet; Red dots are wells.
Cross section lines in Figures 25 (B-B’) and 26 (C-C’). C-Charleston, Missouri; CACairo, Illinois; CO-Commerce, Missouri; F-Farrenburg, Missouri; H-Hickman,
Kentucky; N-New Madrid, Missouri.
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Figure 25. Cross section line B-B’ from Figure 24. VE=40. Qs-Quaternary alluvial
sand; Qg-Quaternary alluvial gravel; Tc-Tertiary Claiborne Group.

The top of the Claiborne Group west of Sikeston Ridge has a relief of 234 feet
and the base of the Quaternary section west of Sikeston Ridge is locally 56 feet lower
than east of the ridge (Figure. 24). Five miles west of New Madrid is a 6 mile long westtrending high (Figure. 24). Figure 26 shows that this high has a peak of ~200 feet above
sea level with a steeply sloping southern edge that descends to 90 feet above sea level.
This high is 4 miles wide from north to south.

Figure 26. Cross section line C-C’ from Figure 24. VE=40. Qs-Quaternary alluvial
sand; Qg-Quaternary alluvial gravel; Tc: Tertiary Claiborne Group.
There is an east-southeast trending, 13 mile long low, along the southwestern
edge of Figure 24. This low has an elevation range of 26 to 100 feet and is adjacent to
the east-southeast striking high just discussed. The center of Figure 24 west of Sikeston
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Ridge has lows with diameters of less than 3 miles. These lows range in elevation from
80 to 100 feet and probably were connected paleochannel courses.
The top of the Quaternary river gravel east of Sikeston Ridge has a relief of 162
feet (Figure. 27). The contours in southeast Mississippi Country reveal lows and highs
beneath the Holocene meander belt of the Mississippi River. An elevation low of ~210
feet interpreted as a paleochannel extends southward from Cairo, Illinois for 12 miles
where it then turns 90 degrees westward around the Holocene Mississippi River flood
plain area. The low continues southward 20 miles and then bends westward for another 6
miles. This low is coincident with the fining upward sequence of Figures 22 and 23, and
for this reason I interpret this low as an early Holocene route of the Mississippi River.
The top of the Quaternary river gravel west of Sikeston Ridge has a relief of 173 feet
(Figure. 27). A 6-mile long by 4-mile wide high extends westward from near New
Madrid. This high is concave southward toward an elevation low of 150 feet.
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Figure 27. Structure contour map of the top of Quaternary river gravel east and west of
Sikeston Ridge. Contour interval = 20 feet. Red dots are wells. C-Charleston, Missouri;
CA-Cairo, Illinois; CO-Commerce, Missouri; F-Farrenburg, Missouri; H-Hickman,
Kentucky; N-New Madrid, Missouri.
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Discussion
Since I have no biostratigraphic information, I have correlated my cross sections
with published geologic quadrangle cross sections (Figures. 28-30) to identify formations
mapped in this thesis. My north-south D-D’ and west-east E-E’ cross sections (Figure.
29) display similar elevations of the top of the Porters Creek Clay displayed in cross
sections by Olive (1971) and Nelson (2008) (Figure. 30). The top of the Eocene
Claiborne elevations displayed in Figure 30 also match the elevations of my structure
contour map (Figure. 24). I have chosen to label my cross sections as Eocene Claiborne
Group although it is possible that I have included some portions of Wilcox Formations
since other authors in the area have combined the Claiborne and Wilcox groups.
Cross section A-A’ (Figures. 15 &16) show that the Porters Creek Clay surface
slopes southeastward towards the ME axis. There are at least three episodes of erosion
that scoured the upper contact of the Porters Creek Clay in the study area. In ascending
order they are as follows: (1) Eocene erosion by the fluvial system that deposited the
Claiborne Group, (2) Pliocene erosion by the fluvial system that deposited the Upland
Complex (not mapped in this research) found in Crowley’s Ridge, and (3) Quaternary
erosion by the fluvial system that deposited the ancestral Mississippi and Ohio river
gravel. The upper contact of the Porters Creek Clay appears to slope southeast and
projects below well ST-95, thus I do not believe there is evidence for faulting of the
Porters Creek Clay in this area (Figure. 15).

51

Figure 28. Location of cross sections. C-Charleston, Missouri; CA-Cairo, Illinois; COCommerce, Missouri; H-Hickman, Kentucky; F-Farrenburg, Missouri; N-New Madrid,
Missouri; O-Olmsted, Illinois.
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Figure 29. Cross Section lines D-D’ and E-E’. Locations in Figure 28. Qs-Quaternary
alluvial sands; Qg-Quaternary alluvial gravels; Tc-Tertiary Claiborne Group; Tp-Tertiary
Porters Creek Clay.

Figure 30. Geologic quadrangle cross sections modified from Olive (1971) (F-F’), Olive
(1974) (G-G’), and Nelson (2008) (H-H’). Length of cross sections are 1.8 mi, 1.0 mi,
and 5.5 mi, respectively. Q-Quaternary; Tc-Tertiary Claiborne Group; Tcw-Tertiary
Claiborne and Wilcox Groups; Tws-Tertiary Wilcox Group sand; Twc-Tertiary Wilcox
clay; Tp-Tertiary Porters Creek Clay; Ku-Cretaceous undivided; Pz-Paleozoic undivided.
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The lithology maps of the Eocene Claiborne Group represent a fluvial
environment (Figure. 17). The 40 mile long, sinuous sand-trend along the western side of
Sikeston Ridge is interpreted as a meandering paleochannel. The lens shaped sand bodies
are interpreted as channel sands and the continuous clay bodies adjacent to this trend are
interpreted as the overbank deposits of this channel. East of Sikeston Ridge similar
patterns reveal river paleochannels. The observation that lithology trends pass beneath
Sikeston Ridge implies that the ridge is an erosional remnant that formed at a higher
stratigraphic level. If Sikeston Ridge were a structural landform, abrupt lithology
changes would be present along the boundaries of the ridge representing vertical
displacement.
Figure 17 displays a large Wilcox clay “ridge” trending N46°E just south of
Charleston at an elevation of 60 feet that continues up section to 210 feet elevation. This
150-foot thick clay “ridge” is 100 feet thicker than any other clay body in the study area.
This N46°E clay ridge is either an erosional remnant, in which Claiborne and
subsequently Pleistocene fluvial systems scoured into the Wilcox strata, or it is an
uplifted of the Flour Island Formation of the Wilcox Group. Cross section F-F’ from
Olive (1971) (Figure. 30) shows that Wilcox Group clays underlie the Claiborne Group
near Cairo, Illinois. Confirmation of either an erosional or tectonic origin of the “ridge”
would require microfossil data (Olive, 1971) from the Tertiary section within the “ridge”
and/or seismic reflection profiles perpendicular to the clay ridge. Regardless of origin,
the clay ridge appears to have locally controlled Quaternary depositional patterns.
The increased discharge from glacial melt caused the ancestral Mississippi and
Ohio rivers to entrench (Rittenour et al., 2007) into the Claiborne Group resulting in the
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deposition of large Quaternary gravel sequences in southeastern Missouri. The top of the
Claiborne is an erosional surface that displays Pleistocene paleochannel scour geometries
(Figure. 24). Quaternary erosion by these paleochannels is likely responsible for the
removal of the Jackson Formation within the study area and may explain why previous
researchers were unable to identify the Jackson Formation at these latitudes (Nelson,
2008; Olive, 1971). These Quaternary gravel paleochannels displayed in the lithology
maps are up to 90 feet thick. Figures 19 and 20 display three and possibly four gravel
paleochannels. The largest of these south flowing rivers was 30 miles long by 5 miles
wide and was responsible for scouring the east side of Sikeston Ridge (Figures. 19 & 20).
Two Quaternary paleochannels are identified along the northwestern and southeastern
sides of the Wilcox clay “ridge”. These two paleochannels appear to merge with the
paleochannel that flowed down the east side of Sikeston Ridge. These two paleochannels
may have been former downstream courses of the ancestral Ohio River. A fourth
Quaternary paleochannel east of Sikeston Ridge and northeast of New Madrid appears to
be a meander belt of the main south trending paleochannel.
Figures 18-20 display the geometry of the Pleistocene fluvial system that shaped
the eastern side of Sikeston Ridge, three tributaries that merged with this south flowing
paleochannel, and a large meander of the south trending paleochannel northeast of New
Madrid, Missouri. Figure 21 shows a change in this geometry as the tributary channels
apparently changed flow direction from southwest to south. Figure 21 also displays the
northernmost tributary channel cutting through the Wilcox clay “ridge” at 180-190 feet
elevation and final burial of the clay “ridge” at 200-210 feet elevation.
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The Quaternary lithology and depositional geometries change from predominately
straight, gravel, Pleistocene paleochannels to meandering, sand, Holocene paleochannels
at an elevation of ~210-220 feet (Figure. 22). The maps of elevations 210-290 feet
display similar distributions of lithology in which the sand content increases vertically
from 210 to 250 feet elevation followed by an increase in clay content vertically from
260 to 290 feet elevation (Figures. 21-23). This is interpreted as a single fining upward
sequence representing the Holocene meander belt of the Mississippi River. The 38 mile
long low trend (210 feet elevation) along the eastern side of the map area extending
southward from Cairo, Illinois represents the erosional disconformity between the gravel
dominated Pleistocene fluvial system and the fining upward Holocene sand/silt/clay
fluvial system (Figure. 27). This sand system reflects the Mississippi River’s movement
eastward from its early Holocene position in the middle of Mississippi County. The
small discontinuous lows along the Holocene river course are interpreted to be erosional
scars created from this sand fluvial system as it avulsed and migrated eastward,
abandoning channels, and creating oxbow lakes.
The arcuate, concave southward high extending westward from New Madrid,
Missouri is interpreted as an extension of the Tiptonville dome (Figures. 24, 26, and 27).
Figure 26 displays an identical warp on the top and bottom of the Quaternary Mississippi
River gravel showing that the two surfaces have been displaced 100 feet and that
displacement post-dates the deposition of the gravel. This interpreted extension of the
Tiptonville dome indicates that the Reelfoot reverse fault turns westward and extends an
additional 9 miles from its previously mapped trace (Purser & Van Arsdale, 1998).
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Conclusions
The lithology and structure contour maps created for this project provide insight
into the stratigraphic and structural history of ME sediments of southeastern Missouri.
The erosional upper Porters Creek Clay contact is disconformably overlain locally by
three separate systems: (1) Eocene Claiborne Group, (2) Pliocene Upland Complex (not
mapped in this study), and (3) Quaternary river alluvium. This research did not reveal
tectonic deformation of the Porters Creek Clay although this formation was below the
depth of my well data over much of the study area.
The lithology maps document a fluvial depositional environment for the Eocene
Claiborne Group and Quaternary river sediments. The Claiborne Group at this latitude
was likely a meandering river system as displayed by sinuous paleochannel sands, silts,
and clays (Figure. 17). The Quaternary Mississippi and Ohio rivers during the Pleistocene
were a gravel dominated, relatively straight channel, fluvial system. The gravel system
defined in this research is the Pleistocene Mississippi and Ohio rivers west of Sikeston
Ridge and the Pleistocene Ohio River east of Sikeston Ridge. Sikeston Ridge is defined
as a Pleistocene erosional remnant as no tectonic deformation was observed along the
margins of Sikeston Ridge. The sand, silt, and clay fining upward sequence in eastern
Mississippi County represents the Holocene meander belt of the Mississippi River that
migrated eastward during the Holocene. The lithology maps generated in this research
show the location and thickness of gravels and sands that would be excellent shallow
ground water aquifers that may be valuable to farmers.
The structure contour map west of Sikeston Ridge displays warping of the top of
the Claiborne and top of the Quaternary gravel that I have interpreted as a 9 mile,
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westward extension of the Tiptonville Dome (Figure. 31). The north bounding fault of
this uplift is connected to the Reelfoot scarp of the Tiptonville Dome by the Des Cyprie
Slough, a drainage of the Mississippi River (Figure. 31). This extension suggests that the
7 February 1812 faulting may have been over a greater length of the Reelfoot reverse
fault than what had previously been mapped (Purser & Van Arsdale, 1998). I have
named this feature the Lilbourn Uplift for the town of Lilbourn, Missouri.
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Figure 31. Top of the Eocene structure contour map showing the “Lilbourn Uplift” and
proposed faults (red lines, ball and barbs on downthrown side). Yellow circles are
earthquake epicenters with labeled faults. Red dots are wells. Black arrow shows Des
Cyprie Slough, which may flow along the Reelfoot fault. Contour interval = 20 feet; CCharleston, Missouri; CA-Cairo, Illinois; CO-Commerce, Missouri; F-Farrenburg,
Missouri; H-Hickman, Kentucky; N-New Madrid, Missouri; KY-Kentucky; IL-Illinois.
Cross section C-C’ showing interpreted faults with relative movement (red arrows). QsQuaternary sand; Qg-Quaternary gravel; Tc-Tertiary Claiborne Group.
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The Quaternary gravel system east of Sikeston Ridge was influenced by a N46°E
striking, 19 mile long by 4.3 mile wide, 150 foot thick Wilcox clay “ridge” (Figures. 1721). There are two hypotheses for the origin of this clay ridge. The ridge could be an (1)
erosional high between two former courses of the ancestral Ohio River or a (2) positive
flower structure. I prefer the structural explanation for the following reasons:
•

The Charleston Uplift appears to merge with the Farrenburg Lineaments to
the southwest (Baldwin et al., 2002 and 2005) as well as the Olmsted fault
(Bexfield et al., 2005) and Pleistocene faults (Bexfield et al., 2006) near
Olmsted, Illinois.

•

Shumway (2008) identified a seismicity alignment across Mississippi
County that is coincident with the uplift.

•

The 21/2/2012 M 3.9 earthquake is coincident with the north-bounding
fault and the preferred focal mechanism matches the interpreted offset
(reverse dextral strike-slip on a fault oriented N40°E) (Figure. 32).

•

This 150-foot thick, micaceous clay “ridge” is up to 100 feet thicker than
all other clay bodies identified in the lithology maps. Because of this
exceptional thickness and the presence of mica, I believe that this uplift
may contain the Flour Island clay of the Wilcox Group (Figure. 32).
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Figure 32. Top of the Eocene structure contour map showing the “Charleston Uplift”
and proposed faults (red lines, ball and barbs on downthrown side) with the location of
the 21 February 2012 epicenter (focal mechanism). Contour interval = 20 feet; CCharleston, Missouri; CA-Cairo, Illinois; CO-Commerce, Missouri; F-Farrenburg,
Missouri; H-Hickman, Kentucky; N-New Madrid, Missouri. Inset from Hickman (2011).
WM-Western Rift Margin fault. Cross section B-B’ showing interpreted faults with
relative movement (red arrows). Qs-Quaternary sand; Qg-Quaternary gravel; Tc-Tertiary
Claiborne Group; Tw?-Tertiary Wilcox Group.
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I have named this the Charleston Uplift for the town of Charleston, Missouri. The
Charleston Uplift may represent an extension of the NMNF northeastward across
Mississippi County, Missouri, into faulting observed near Olmsted, Illinois and western
Kentucky. I suggest the uplift is a positive flower structure because the structure contour
map of Figure 32 displays the uplift as having local highs and lows and the preferred
focal mechanism of the 21/2/2012 M 3.9 earthquake indicates that this proposed fault
zone is experiencing transpressional deformation. The Charleston Uplift may be part of
the Western Reelfoot Rift Margin fault zone since its trace is on top of the Western Rift
Margin fault as mapped by Hickman (2011) (Figure. 32 inset map). More evidence is
needed to substantiate this as a positive flower structure and what implications it may
hold on the seismic hazard of the New Madrid seismic zone and adjacent areas of Illinois
and Kentucky.
The best method of testing the positive flower structure hypothesis of the
Charleston Uplift is to collect seismic profiles perpendicular to this structure. If the
Charleston Uplift is indeed a tectonic structure, I expect to see a similar displacement of
the bottom of the Quaternary alluvial gravel and the top of the underlying Porters Creek
Clay.
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Appendix
This appendix (supplementary data) contains picks from all well logs recorded in
one Excel spreadsheet with four sheets. The “LithologyPicks” sheet is set up as outlined
in Table 2. The “LithologyPicksTransposed” sheet is set up as outlined in Table 3. The
“QuaternaryGravels” sheet contains both the top and bottom of the Quaternary river
gravels described in the text. The “PortersCreekClay” sheet contains depths and
elevations of the top of the Porters Creek Clay.
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